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Neutron Decay Parameters 
Recoil order (½+  ½+) beta decay correlations 

    (Jackson, Treiman, Wyld, 1957)  
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Method 
1. For each beta momentum (green) 

2. Confine proton momentum to axis (blue) 

Two ways to satisfy transverse P conservation and E conservation 
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Distinguish two possible cases using timing 

 

Number of small angle events vs. large angle events determines ‘a’ coefficient 
 

collimator 



Magnetic Field to Increase Rate 
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3.85 m 

Schematic 



aCORN on NG-6 



Background 
Subtracted 
“Wishbone” 
Data 



Two Runs 
NG-6 NG-C 

• July 2015 – Sept. 2016 

• Capture flux = 8 x 109 cm-2 s-1 

• Compared to NG-6 

• 5x wishbone event rate  

• 10x counts 

• Improved systematics  

• (electric field uniformity & smaller changes) 

• Blinded Result:  Neutron polarimetry 

 

G. Darius, et al., Phys. Rev. Lett. 119, 042502 (2017) 

B. Collet, et al., Rev. Sci. Instr. 88, 083503 (2017) 

M.T. Hassan, et al., Nucl. Instr. Meth. A 867, 51 (2017) 

 

a = -0.1080 ± 0.0030 (stat) ± 0.0028 (syst) 



Why Polarimetry? 



Neutron Decay Parameters 
Recoil order (½+  ½+) beta decay correlations 

    (Jackson, Treiman, Wyld, 1957)  
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Neutron Decay Parameters 
Recoil order (½+  ½+) beta decay correlations 

    (Jackson, Treiman, Wyld, 1957)  
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Asymmetry ≈ a fa(E ) + PB fB(E) B fB(E) ≈ 14 fa(E ) 







Feature? Or Bug? 

NG-C result used polarimetry as a blind. 
 

• Data cuts entirely determined using B field up 
(Effect of Pn unknown) 
 

• B field down analyzed using same cuts 
 
 

• Polarimetry result revealed must be consistent with both 



aCORN Polarimetry 

• aCORN – new result 

 

• Why Polarimetry? 

 

• Polarimetry Apparatus 
• Spin transport 
• 3He-based neutron spin-filter 

 

• Polarimetry Analysis 

 

• aCORN Results 
 



Spin Transport 
Vertical Shim 
(steel plates w/ 
Perm magnets) 
 

aCORN Solenoid 

B 

Horizontal Coils 

neutrons 



Spin Transport 



3He-based Spin Filter 

• Polarized offline using SEOP 
 

• Transmission monitored by fission chambers 
Aperture to limit rate 

 
• 3He flipped using frequency-sweep AFP NMR 







Procedure 

Transmission monitored while 3He polarization direction flipped 
 
 
 
 
Transmission: 

• Fission chamber recorded in 20 second intervals throughout runs 
• 15 or 30 minute runs 
 

AFP NMR fliped 3He polarization between runs. 
Sequence  to reduce sensitivity to drift/decaying polarization 
 

Discrete runs (June 21-27, July 28-August 1), and automated flips (August 1 and Aug 30) 
3He depolarized, then removed, after each run to measure 3He thickness 



Analysis 
Transmission depends on: 
 

Background:   
T0: Initial 3He polarization 
3He polarization loss 

T1:  decaying 3He polarization 
AFP Loss: 

 
Signal: 

Pn:  Tn depends on 3He direction 

Two fits shown:  
MCNP white beam - J. Cook 
Monochromatic beam 

Time (s) 
T n

 (
cn

ts
/2

0
s)

 

PHe Direction 

7/31/16 



Fitting 
 
 

Variables:  T1, AFP Loss, T0, Pn 

 
Fitting Function: 

For each time, calculate PHe from T1 and number of AFP sweeps 
Using Pn, calculate T(λ) from T0 and Phe 

Integrate T(λ) over the calculated neutron spectrum 
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 Mono Fit:  Pn = -0.00022 ± 0.00013,  PHe0 = 0.82 ± 0.00074, 
AFPLoss = 0.001 ± 0.00098,  T1 = 431 ± 266 hr

White Fit:  Pn = -0.00023 ± 0.00014,  PHe0 = 0.49 ± 0.00038, 
AFPLoss = 0.0013 ± 0.00082,  T1 = 575 ± 397 hr, ChiSqr = 1.4
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White beam fit:  Pn = -0.00023(13) 



Fitting 
 
 

Variables:  T1, AFP Loss, T0, Pn 

 
Fitting Function: 

For each time, calculate PHe from T1 and number of AFP sweeps 
Using Pn, calculate T(λ) from T0 and Phe 

Integrate T(λ) over the calculated neutron spectrum 
 

 
For comparison, also fit assuming monochromatic beam 
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 Mono Fit:  Pn = -0.00022 ± 0.00013,  PHe0 = 0.82 ± 0.00074, 
AFPLoss = 0.001 ± 0.00098,  T1 = 431 ± 266 hr

White Fit:  Pn = -0.00023 ± 0.00014,  PHe0 = 0.49 ± 0.00038, 
AFPLoss = 0.0013 ± 0.00082,  T1 = 575 ± 397 hr, ChiSqr = 1.4
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White beam fit:  Pn = -0.00023(13) 
Mono beam fit:  Pn = -0.00022(14) 



DataSet Pn Pn Err PHe(%) AFPloss T1 Runs date time ChiSqr 

Data 3 0.00022 0.00054 46.0(1) 0.003(2) 100(111) 26-31 6/24 18:15 1.5 

Data 7 0.00034 0.0008 30.0(1) 0.0027(4) 2000(big) 59b-65 6/25 12:07 1.6 

Data 8 0.00053 0.00051 39% 0.0003 270 80 6/25 15:07 0 

Data 9a 3.5E-5 0.00052 40 0.0018(2) 1600(big) 403-408 7/28 11:23 0.26 

Data10a 0.0013 0.0006 39 0(fixed) 214(60) 416-418 8/29 12:51 0 

Data 9 -0.00052 0.00031 50 0(.0006) 220(50) 409 7/31 13:24 0.13 

Data11 -0.00023 0.00014 49.00(4) 0.0013(8) 580(400) 419 8/29 14:03 1.4 

  

1.5x10
-3

1.0

0.5

0.0

-0.5

P
n

Set3 Set7 Set8 Set9 Set10 Set11

Data Set (defined by Ben)

Pn = -0.00014 ± 0.00012 
 

Preliminary Results 

Pn = -0.014% ± 0.012%   



aCORN NG-C Preliminary Result 

Difference implies 
Pn = (0.8 ± 1.0) × 10-3  

Preliminary 
Polarimetry Result 

Pn = (-0.14 ± 0.12) × 10-3  
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Thank You  



ms = -1/2 ms= + 1/2 

+ 

52S1/2 

52P1/2 

Collisional 

Mixing 
Rb atom 

electron spin 

3He atom 

nuclear spin 

Optical Pumping of Rb 
  

Spin-Exchange from Rb to 3He 
  

Spin Exchange Optical Pumping 



Unpolarized Incoming  

Neutrons 

Polarized Outgoing  

Neutrons 

Spin Dependent Absorption Cross Section 

3He  +  n           4He*          p  +  3H 
3He  +  n           4He*          p  +  3H 

3He  +  n           4He*          p  +  3H 
3He  +  n           4He*          p  +  3H 
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